Abstract: Chemical identification of particles increasingly gains importance concerning regulatory affairs of medical devices. Particle numbers of samples very easily add up to orders larger than 1.000. Therefore an automated particle measurement is absolutely worthwhile. As a method of chemical identification Raman spectroscopy combined with microscopy is commonly used. The challenge is to distinguish small particles in a range of a few microns on a surface from the background. Different specimen holder made of glass, polymer (e.g. polycarbonate) or metal are commonly used.
Introduction
Identification of particles is increasingly demanded in medical engineering. In addition to size and amount the chemical composition of particles is a matter of interest and the focus of the work presented here. For representative information high amounts of particles have to be investigated. Therefore, an automated system is required. Raman microscopy is a suitable method for automated particle analysis because of its high efficiency. Single measurements can be performed in a few seconds with a high sensitivity, especially for polymers and drugs. Kurzhals et al. evaluated the automation of Raman microscopy with regard to sample preparation and optimum background material [1] . Here polystyrene particles were measured on a glass slide. The proof of principle for an automated particle counting and mapping was a crucial part of this work.
Materials and methods

Sample preparation
For development of the test method polystyrene standard particles (Count-Cal, Thermo Scientific, diameter: 10 µm, 3000 (± 10%) particles per mL, aqueous suspension) were used. 200 µL (600 particles) were pipetted in ten 20 µL steps on a glass slide for Raman measurements always allowing the solvent to be evaporated. The suspension spread over an area of approximately 1 cm 2 .
Overview Image
The particle analysis was done with the Raman microscope Alpha300R (WITec GmbH, Ulm). The glass slide with standard particles was placed under the lens (50 fold magnification, NA 0.8).
A total area of 5000 µm x 5000 µm including the spreading area was investigated. Due to the maximum pixel number of 4096 x 4096 pixels for one image the total area was divided in four quadratic subareas (Figure 2 ). For these subareas four overview microscope images of 2500 µm x 2500 µm with 4096 x 4096 pixels, were taken via image stitching. Illumination (brightness) was set to 20%. On the basis of these optical images particles can be localised by the user.
Particle counting and mapping
For particle counting and mapping the freeware ImageJ (https://imagej.nih.gov/ij/) was used. Overview image-files were imported and a gamma correction was performed with the implemented gamma correction tool. Afterwards the threshold was adapted and all particles with an area larger than 2 square pixel were counted and coordinates in the image were defined.
Automated Analysis via single point spectrum measurement
To generate the Raman spectra a laser with a wavelength of λ = 532 nm was used. The laser power was adjusted to 5 mW. For the automated measurement the coordinates of the particles from ImageJ were imported into the point list editor of the Raman software. All spectra were recorded with an integration time of 0.5 s and five accumulations.
Results and discussion
Particle counting
In comparison the overview images were exported and particles were marked with a colour and counted manually to obtain their approximated correct amount (Figure 1) . Table 1 gives an overview about the counted particles for the manual and automated Raman counting methods. There is additionally shown how often polystyrene spectra were actually measured by Raman spectroscopy. Of a theoretical total number of 600 ± 60 particles 447 were found by manual counting. Via the ImageJ algorithm 430 particles were counted. Those are 96.2 % of the manually counted particles. The gap to the theoretical amount of 600 ± 60 particles can be explained with the investigated area. The pipetted solution was spread over an area of approximately 100 mm 2 . The investigated area, shown in Figure 2 , was only 25 mm 2 . This small area was chosen, because a proof of principle rather than a recovery of the theoretical particle amount was the focus of this work. So it is highly probable that a small amount of particles was located on the area of the glass slide that was not investigated. The other 77 measured locations were particles with The
The origin of the remaining eleven measured positions was investigated afterwards. Therefore all positions were navigated again. As Figure 1 shows, particles tend to agglomerate. On the phase boundary of the particle agglomerates light reflections can appear. All eleven positions were located at such phase boundaries. Because samples were not measured under clean room conditions some additional environmental particles (dust or similar) possibly can be deposited on the glass slide. However, no other compounds than polystyrene were detected by Raman microscopy.
Conclusion
The developed method for particle counting and mapping with ImageJ worked very well. 430 of 600 ± 60 polystyrene particles were found with the software ImageJ in the investigated area in comparison to 447 particles via manual counting. However, it is highly probable that polystyrene particles were spread outside the investigated area during pipetting in the sample preparation step. Therefore, not all particles could be found. Of these 430 particles 419 (97.4 %) were identified as polystyrene by means of Raman microscopy. 447 particles were manually counted and related to this 93.7% of all polystyrene particles were identified. This high rate of correctly identified particles shows the promising potential of the developed counting and mapping method via Raman microscopy. 
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